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HAZARD ANALYSIS CRITICAL CONTROL POINT FOR NEW ENGLAND
ARTISANAL FARMSTEAD CHEESE MAKERS
ABSTRACT
In the past decade, cheese consumption in the United States, particularly of specialty and
gourmet cheeses; has increased by approximately 10%. (Hirsch, 2003) Many of these
cheeses are produced on the fama using milk from the farm’s own herd; goat, sheep, or
cow. While some ofthe cheeses are made from pasteurized milk, many are made with
raw milk. While cheese is generally considered a safe food, its low acid, high protein
composition makes it a perfect medium for pathogen growth. (Hirsch and Zhao, 2002)
Hazard Analysis Critical Control Point (HACCP) is a food safety system that has been
applied to meat and poultry manufacturers, the seafood industry, and the fresh juice
industry. (Food Processors institute [FPI], 1995) A survey conducted ofNew England
farmstead cheese makers demonstrated a fairly high level of food safety knowledge, but a
low level of compliance with prerequisite food safety practices. An individual on-site
HACCP training program was provided to self-selected New England farmstead cheese
makers in order to devise model HACCP plans that could be used to create a HACCP
training program for farmstead cheese makers. Eleven (11) operators participated in this
program. Five (5) operators completed a HACCP plan. It was concluded that a greater
improvemem to food safety would result from directing limited resources toward
strategies that would improve basic sanitation at small farmstead cheese making
operations rather than having these operators create HACCP plans.
I. INTRODUCTION
Food safety issues are of great importance in cheese making, both to consumers
and the cheese industry. Due to the potentially hazardous nature of dairy products, strict
sanitary guidelines must be followed. The Hazard Analysis Critical Control Poim
(HACCP) system, a food safety system, is now an option, although not required, for
producers of dairy foods. (Food and Drug Administration [FDA], 2001 b) There is a
recent resurgence in small scale food processing, particularly for artisanal and farmstead
cheeses. Small, on-farm cheese making operations present a greater challenge to food
safety. The proximity of raw milk production to actual cheese production, as well as the
risk for contamination from the farm environment and from farm animals results in
considerable potential for food safety hazards. The use of unpasteurized or "raw" milk to
produce some ofthese cheeses adds to the products’ potential to cause food-borne illness.
(Hirsch and Zhao, 2002)
The United States Department of Agriculture (USDA) awarded a grant to the
University of Connecticut Cooperative Extension Service to "Develop, Test and
Implement HACCP-Models for Farmstead Cheese Makers in New England". This grant
was comprised ofboth research objectives and outreach objectives. The research
objectives focused on potential control measures for cheeses made from unpasteurized
milk. The outreach objectives focused on creating and implementing a HACCP training
program for farmstead cheese making operations in the New England States (Maine,
Vermom, New Hampshire, Massachusetts and Connecticut). Operators were surveyed
about their production practices and food safety knowledge. In addition, these operators
were offered an opportunity to receive on-site instruction and assistance in preparing their
own HACCP plans. (Hirsch and Venkitanarayanan, 2001) Eleven (11) operators
participated in the HACCP program, which involved three visits to their operation by
program staff. After each visit, program participants had to develop the part of their
HACCP plan that was reviewed with program staff, using forms that were provided. The
"model" HACCP plans crafted from this outreach effort would then be used as a teaching
tool to reach a larger population of farmstead cheese makers.
The Principal Investigator of the research objectives was Kumar
Venkitanarayanan, PhD, from the University of Connecticut, who worked closely with
Todd Pritchard, PhD, from the University of Vermont. Diane Wright Hirsch, MPH, RD,
Food Safety Educator at the New Haven County Extension Service, was the Principle
Investigator (PI) for the outreach objectives of this grant. Patricia Sulik, RS, was the
Program Assistant (PA). The PI and PA worked closely on most aspects of the outreach
objectives. The PI focused on researching HACCP and food safety in cheese, creating
program materials, coordinating efforts with the research objective of the grant and
administering the grant in its entirety. The PA researched HACCP and food safety in
cheese, worked directly with the program participants, planned the HACCP training
seminars that were to be held at the culmination of the program, prepared status reports
and coordinated meetings with the advisory group.
Within the specified grant program, the PA:
assessed the general level of food safety knowledge ofNew England farmstead
cheese makers
investigated the feasibility and efficacy of creation of a HACCP plan as a tool for
improving food safety for small farmstead cheese making operations in New
England.
This thesis, by the PA, covers the following aspects of the project: Section II describes
the methods used. The background of cheese making, including the history of cheese, the
process ofmaking cheese, and the food safety issues associated with cheese are reviewed
in Section III. Section IV provides a discussion of the debate regarding the safety of raw
milk cheeses. An overview of the history of food borne illness outbreaks related to
cheese is presented in Section V, with a more in-depth discussion of some ofthe major
pathogens of concern: Listeria monocytogenes, Escherichia coli, Salmonella spp., and
Staphyloccocus aureus.
The regulatory issues that relate to cheese making operations are reviewed in
Section VI. Section VII provides a detailed description of the HACCP system and
process. The effectiveness ofHACCP in other HACCP-regulated industries is discussed
in Section VIII. Section IX provides results of the outreach project with New England
cheese makers. Discussion and Conclusions are covered in Sections X and XI,
respectively.
II. METHODS
A literature review was conducted using PubMed and Google. Key words
searched were food safety in cheese making, foodbome illness relating to cheese,
HACCP, E. coli, Listeria, Salmonella, and Staphylococci as well as cheese making,
farmstead and artisanal. Since this project was based on previous work performed by the
University of Connecticut New Haven County Extension Center, many resources
regarding food safety and HACCP were readily available and served as a starting point
for literature review.
At the inception of this program, an advisory group was formed. This group was
comprised of individuals from the New England states with expertise in cheese making
from either the regulatory, academic, or practical perspective. All documents created by
the PI and PA were reviewed by the group prior to use. In addition, the advisory group
met several times to address process questions, as well as attempt to answer the many
questions that arose from program participants as well as program staff.
In order to obtain information from key informants, current lists of licensed
cheese makers were provided to the research team by regulatory officials in Maine,
Vermont, New Hampshire, Massachusetts, Connecticut, and Rhode Island. The PI and
PA designed a questionnaire which asked about the farm "profile" (i.e. what type of herd,
what products made), as well as food safety knowledge and training (i.e. are you familiar
with the term Listeria monocytogenes, and have you attended any seminars on food
safety?) This questionnaire, along with a stamped, pre-addressed remm envelope, was
mailed to all licensed cheese making operations in the New England states. Included
with the mailing was a letter outlining the program and explaining the intent to work
closely with five or six operators to create model HACCP plans. The final piece ofthis
initial mailing was a pre-stamped, pre-addressed postcard that the operators could
complete and return if they were imerested in participating in the program. Any operator
who was interested in participating in the program was enrolled. Operators who signed
up to participate in the program were sent a package of information which outlined the
scope of the three on-site visits by the program staff, as well as the commitment they
would need to make regarding follow-through with "HACCP homework" after each visit.
The PI and operator both signed an agreement prior to the first visit. This agreement,
while not legally binding, served the purpose of formalizing the commitment made by the
program stuff and the operator. The farm visit format is described here"
Initial Visit- Approximately 1/2 day duration, preferably while cheese is being
made. At this visit, program staff observed the operation, both facility and process,
whenever possible. During this visit, the HACCP process was described. Also,
prerequisite programs such as Good Manufacturing Procedures (GMPs) and Standard
Sanitation Operating Procedures (SSOPs) were described. The operators were provided
with a binder and written guidelines to assist them in formalizing their own SSOPs, as
well as the following HACCP plan forms" a farm profile, a product description form, a
sample flow chart and a blank flow chart form for completing their own flow chart.
Operators were asked to focus on creating a HACCP plan for one cheese product. All
written guidelines and materials provided to operators were in draft form so that the
operators could provide comments and suggestions for modifications. Time was spent
reviewing the SSOP materials and each HACCP form. Paperwork explaining how to
complete each form was left with the operator. Operators were given one month to
complete the forms. Technical assistance was made available by telephone and on-line.
During the first visit, general observations about the sanitary operation of each farm were
also noted, although program staff did not provide guidance on this issue unless it was
requested by the operator.
Second Visit- Approximately two hours duration. The primary purpose of the
second visit was to explain the process of the Hazard Analysis (HA) and begin this
analysis with the operator. A document explaining the hazard analysis procedure as well
as common hazards associated with cheese making was provided. In addition, more
material explaining how to create SSOPs was provided and reviewed. The operator was
encouraged to work with other staff to complete the hazard analysis or to work with
another program participant so that the hazard analysis would be compiled by more than
one person. It was requested that the hazard analysis be completed and returned within
six weeks.
Third Visit- Approximately two hours duration. The purpose ofthe third visit
was to review corrections to the hazard analysis and explain how to complete the forms
for setting Critical Control Poims (CCPs), Critical Limits (CLs), Monitoring Procedures
for the Critical Limits and Corrective Actions (CAs). Time was also spent reviewing
SSOPs that the operators were creating, on their own or with assistance. While the
Hazard Analysis is very tedious and time-consuming to complete, the remaining HACCP
plan forms are relatively simple. Operators were requested to return these forms within
one momh. Although there were additional HACCP worksheets that needed to be
completed to creme a HACCP plan, program staff determined that the Verification and
Recordkeeping forms could be completed by e-mail and telephone.
After the farm visits were completed, the model HACCP plans, along with a
booklet explaining the process of creating a HACCP plan was sent to a HACCP expert
for review. The expert, Marianne Smukowski, is the Dairy Safety and Quality
Coordinator at the University of Wisconsin Cemer for Dairy Research. The booklet was
then provided to the advisory group for further review and comment. The booklet in its
final form is imended to be a valuable resource for farmstead cheese operators. To
complete the program, it was intended that the booklet and model plans be used to
conduct a series of two-day seminars throughout New England to train a broader range of
cheese makers to create their own HACCP plans.
II. BACKGROUND
The History of Cheese
Cheese was first developed as a way to preserve milk, although most accounts of
cheese history attributes the making of the first cheese to an Arabian merchant who set
off on a journey across the desert with his milk supply stored in a pouch made from a
sheep’s stomach. Apparently, the rennet from the pouch lining, combined with the heat
of the sun caused the milk to separate into curds and whey. When the merchant had
completed his journey for the day, he drank the whey and ate the curds. (Midwest Dairy
Association, 2003)
Archeologists have discovered evidence of cheese being made from cow and goat
milk as far back as 8000 B.C., when ruminants were first tamed and their milk was used
for human sustenance. Milk contains protein, fat, water, vitamins A, B, D, and E,
minerals, sugar and salt; it is a balanced and nutritious food. Making milk into cheese
addresses the only disadvantage of milk, which is that it spoils quickly. (Kandinsky,
1986), (Gourmed)
Cheese making was brought from Asia to Europe, specifically to England, where
it became an established, popular food item. When the pilgrims first came to America in
the year 1620, they brought cheese along on the Mayflower. Cheese continued to be a
farm industry until 1851 when the first cheese factory was built in New York. Currently,
more than one third of the milk produced in the United States is used to make cheese.
(Midwest Dairy Association, 2003) While most ofAmerica’s cheese is currently made in
factories, in recent years there has been a dramatic increase in the demand for gourmet
farmstead and artisanal cheeses. (Pittsburgh Magazine, 2001)
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A farmstead cheese is one that is made using the milk from the cheese maker’s
own herd; be it sheep, goat, or cow (or even buffalo!). An artisanal cheese is made by
hand, with little or no mechanization. Artisanal cheese is often, but not always,
farmstead. And, despite the fact that many farmstead operations use a fair amount of
mechanization, many ofthem consider their cheeses artisanal, because of all the
monitoring and care the cheeses require. Modem day farmstead facilities may range
from using an old whiskey barrel to make the cheese to a fully mechanized system.
(Pittsburgh Magazine, 2001), (Claridge, 2000)
Many dairy farmers started to make cheese from their milk because it was a
value-added product. A long history of low milk prices presented challenges to the
survival of the dairy farm. Making cheese from the milk creates a much higher return,
particularly for cheeses that are considered gourmet. (Turner et al., 2003) In recent years,
alongside farmers who have been producing milk for many years, or even generations,
people from a variety of backgrounds have been emiced to begin farmstead cheese
making operations. The combination of "living off the land", coupled with the love of
the animals is partly responsible for the appeal. Additionally, the art ofmaking cheese
has become a gourmet business, leading to the formation of both state and national
cheese associations. Demonstration shows and annual contests add an aura ofmystique
to the whole industry. One ofthe major problems successful farmstead cheese makers
face is that they cannot make enough cheese to satisfy the growing demand. The upside
ofthis "problem" is that an inadequate supply actually drives up the price.
While many farmstead cheese makers have been successful in creating and
marketing popular cheeses, they are not all equally savvy about the potential food safety
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risks inherent in their food processing systems. While some cheese makers have received
adequate training in food sanitation issues, many others have little or no formal training
in this area. (see Table 10) Although state cheese associations have taken on some
responsibility for bringing food safety information to their members, many cheese makers
are still uninformed or under-informed. Among farmstead cheese makers who claim to
be knowledgeable in the area of food safety, it is evidem that the knowledge does not
always translme into good food safety practices in their operations.
Theprocess of cheese making
Although each variety of cheese has its own recipe and process, the general
process of cheese making is fairly standard. Raw milk is received and stored at the
proper temperature, usually below 41F. If the milk is to be pasteurized, the milk will be
heated to 145F for thirty (30) minutes. (FDA, 1999) The milk is then cooled. Cultures
are added to the milk and the milk is stirred. Rennet (animal or vegetable) is added and
the curd, the solid portion, is allowed to set. Once the curd sets, it is cut, and the whey,
the liquid portion, is drained out. The whey is sometimes fed to the animals on the farm,
or disposed of as a waste product. The curd is then milled. At this point, the pH and
time is monitored to control acid development. The curd is then salted and put imo
molds. The molds are pressed to express more liquid. The cheese is then aged at the
appropriate time and temperature (for raw milk cheeses this would be a minimum of 60
days at not less than 35F). (FDA, 1999) The cheese would then be packaged, and stored
until it is shipped. (National HACCP Education Conference, 1997)
Some cheeses, such as mozzarella, have a cooking step in the process. Other
cheeses are soaked in a brine solution. Still other cheeses, such as blue cheese may be
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inoculated with additional cultures to encourage the growth of specific molds. (Hirsch
and Zhao, 2002)
Food safety issues in cheese making
Despite the fact that cheese has a good record of safety compared to some other
foods, there have been several food borne illness outbreaks associated with cheese.
Cheese is an animal-derived food, high in protein and carbohydrates and low in acid,
making it an excellem medium for pathogen growth. (Hirsch and Zhao, 2002) Food
borne illness outbreaks, which have stemmed from cheeses made from both
unpasteurized "raw" and pasteurized milk, have caused severe illness as well as death.
The organisms most commonly involved in cheese-related food bome illnesses are
Listeria monocytogenes, Salmonella, E. coli 0157.H7, and Campylobacter. (Donnelly,
2001) On-fama cheese making operations may presem more risks to food safety than
non-farm operations. With farmstead cheese making operations, the source ofpathogens
can be the farm environmem, the milk, and/or the processing facility. (Hirsch and Zhao,
2002)
Food safety hazards result from three types of comamination that can result in
food borne illness or injury; biological, chemical and physical. Biological hazards
include bacteria, viruses, bacteriophages, parasites, yeasts and molds. Biological hazards,
with the exception of some molds are microscopic. Microorganisms are ubiquitous.
They exist in the air, soil, water, and on surfaces, people and animals. Under certain
conditions, microorganisms will grow and reproduce, causing illness. (National
Restaurant Association [NRA], 2004)
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The most common cause of microbial foodborne illness is bacteria. Bacteria can
cause illness in a variety ofways. Some bacteria cause illness by infection. Food
containing bacteria is eaten and the bacteria grow and multiply in the human intestinal
tract. Examples of bacteria that cause illness by infection are Salmonella, Listeria,
Campylobacterjejuni, E. coli 0157:H7, and Shigella. Some bacteria cause illness by
intoxication. Certain bacteria create toxins as they grow and reproduce. When a person
consumes food containing the toxins, they become ill, regardless of whether or not the
bacteria are still present in the food. Bacteria that form toxins include Staphylococcus
aureus, Clostridium botulinum and Bacillus cereus. Although most bacterial toxins are
hem-stable, the C. botutinum toxin can be destroyed by boiling for twenty minutes.
Clostridium perfringens is a toxin-mediated infection. When food containing C.
perfringens is consumed, the bacterium produces a toxin in the intestines. Certain
bacteria have the ability to form spores-protective coatings that enable the bacteria to
survive extremes of environment such as temperature and lack of water. Examples of
spore-formers are Clostridium botulinum, Clostridium perfringens, and Bacillus cereus.
(NRA, 2004)
Bacteria require specific conditions to grow and multiply. Awareness of these
conditions provides the cheese maker with information on controlling bacterial growth.
Bacteria require a food source in order to grow. Foods that contain protein, such as milk
or cheeses provide a perfect medium for bacterial growth. Foods that are conducive to
bacterial growth are known as "potentially hazardous foods" (PHFs). PHFs include beef,
chicken, pork, seafood, eggs, dairy products, cooked vegetables, tofu and sprouts, cut
melons, and non-acidified garlic in oil mixtures. Bacteria grow well in low-acid
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environments. The acidity or alkalinity of a substance is measured by the pH. pH values
range from 1-14 with 1 being the most acidic, 7 being neutral, and 14 being the most
alkaline. While most bacteria prefer a neutral pH, they can grow in the pH range of 3.8-
9.6. (NRA, 2004) The pH ofmost cheeses ranges from 4.5-5.4, indicating a favorable
acidity level for bacterial growth. (Hirsch and Zhao, 2002)
Bacteria can only grow and multiply at certain temperatures. The temperature
range that is most conducive to bacterial growth is 41 F-140F, which has been called the
"temperature danger zone". Bacteria are classified imo three groups, depending on the
temperature range they flourish at:
oPsychrophilic (cold-loving): Growth at 32F-77F, optimum growth at 68F-77F
Mesophilic (middle-loving): Growth at 68F-110F, optimum growth at 68F-104F
oThermophilic (heat-loving)" Growth at 113F-158F, optimum growth at 122F-131F
While bacteria will not grow or multiply well at freezing temperatures, many can survive
at these temperatures. (Hirsch and Zhao, 2002)
Bacteria require an adequate amount oftime at the correct temperature in order to
grow and multiply. Bacteria reproduce by binary fission, one cell dividing into two cells.
When conditions are favorable for bacterial growth, a bacterial cell can divide every 20-
30 minutes. This is called the generation time. Bacteria do not grow at a constant rate.
When bacteria are first introduced to an environment they grow and multiply very slowly
as they become accustomed to their environment. This is called the lag phase. Once the
bacteria are accustomed to their environment, they enter the log phase, which is a very
rapid phase of growth and reproduction. As the nutrients become depleted, or conditions
in the environmem become less favorable, bacteria emer the stationary phase of growth,
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where the number of cells produced is equivalent to the number of cells dying off.
Finally, bacteria enter the death phase, when conditions for growth are inadequate and
bacterial growth decreases rapidly. Under optimum conditions, a bacterium with a
generation time of 20 minutes could produce 2 million bacterial cells in 7 hours. (Hirsch
and Zhao, 2002)
Bacteria have specific requirements regarding oxygen needs. Bacteria that
require oxygen to grow are called aerobic. Other species of bacteria require an oxygen-
free environment to grow. These bacteria are called anaerobic. Other bacteria, including
most pathogens, can grow in the absence or presence of oxygen. These bacteria are
characterized as facultative. Oxygen requirements have a direct effect on packaging
choices, such as canning and vacuum packaging, which can provide an anaerobic
environment. Bacteria also require moisture to grow. The moisture of a substance is
designated by its water activity (Aw). Water activity in a substance ranges from 0.0-1.0,
with 1.0 being the water activity ofwater. Most bacteria require a water activity of 0.86
or higher to grow. The water of activity of cheese typically ranges from 0.68-0.98. In
the absence of the required water activity, bacteria may survive, but they will not grow
and multiply. The use of salt and sugar in food processing binds up available water, thus
reducing the water activity of a food. (NRA, 2004)
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Table 1 Growth Conditions ofPathogenic Bacteria of Concern to Cheese makers
Organism
Listeria
monocytogenes
Salmonella
Staphylococcus
aureus
E. coli
Bacillus cereus
’Campylobacterjejuni
(Hirsch and zhao, 2002)
Temp. PH
4.5-11
4.0-9.8
4.3-9.3
Max. NaCI Min. Water
0.932
NA
33.8-113F
i(1-45C)
43.7-134.6F
(6-57C)
44.6-118.4F
36.5-113F
42.8-98.6F
(*-7C)
77-109.4F
(2so  oc)
(g/100 g)
10
NA
lO-15
NA
NA
< 1.5
Activity
17
Unlike bacteria, viruses are comprised of genetic material that can only
reproduce in a live host. Viruses do not have the ability to move on their own. They
can travel on food, on a person’s hand and on surfaces such as utensil handles. Once
viruses reach a live host, they multiply rapidly and cause illness. Viruses are commonly
transferred to food by infected people that do not practice good personal hygiene,
particularly hand washing. Contaminated water is also a source of viruses, which is
why a potable water source must be used for food production. Viruses can be destroyed
by proper cooking. Examples of viruses are Hepatitis A and Norovirus. (NRA, 2004)
A bacteriophage (phage) is a bacterial vires that can enter the cell of a starter
culture and cause it to self-destruct, releasing new phages into the environment. Each
new phage then enters a starter culture cell and continues the cycle of destroying starter
culture cells. Bacteriophages are ubiquitous. (Mayer, 2003) They concentrate in areas
where there is milk, cows, and whey. Phage can also be present in standing water as
well as in dust and other airborne contamination. A thorough sanitation program and
rotation of starter cultures is needed to prevent phage. (Kindstedt, 2002)
Molds appear as a fuzzy growth in the environment, and on food. Molds are
multi-celled, with filaments or hair like structures called hyphae. Hyphae can grow
beneath the surface of the food, causing contamination that is not apparent. Some
molds can cause the pH of a cheese to increase, decreasing the acidity level ofthe
cheese and making it more vulnerable to undesirable pathogen growth. (Hirsch and
Zhao, 2002) Some molds can produce toxins, called mycotoxins. These toxins are heat-
tolerant. (NRA, 2004)
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Chemical hazards can cause foodbome illness or trigger allergic responses.
Chemical hazards include intentionally added chemicals such as preservatives,
antioxidants, or flavor enhancers, or tmintentionally added chemical contaminants such
as pesticides, herbicides, animal medications, cleansers, sanitizers, and lubricants.
(NRA, 2003) Allergens, while not commonly thought of as chemical contaminants, can
cause allergic responses in sensitive individuals resulting in illness or even death.
Accurate labeling of foods provides the best defense against allergic individuals having
an allergic reaction. The most common allergens are peanuts, soybean products, milk,
eggs, fish, crustaceans, wheat and walnuts. (Hirsch and Zhao, 2002)
Physical hazards can be any material not normally found in food that could
cause illness, or more commonly, injury. Examples ofphysical hazards include glass,
metal, plastic, grass, dirt, bone, pens and jewelry. Physical hazards are best prevented
by visual inspection as well as practices that limit the likelihood of contamination, such
as having employees wear lab coats without any pockets, and not storing toothpicks
above a food production table. Certain physical items are not truly hazards in that they
will not cause illness or injury, such as a piece of hair, but this type of contamination
should still be addressed. (NRA, 2004)
How milk becomes contaminated
Milk can be contaminated during production, storage, or transport.
Microorganisms are present in the teat canal of livestock, even in the absence of
infections. These microorganisms can be excreted in the foremilk, or "first milk" and
comaminate the milk supply. Antibiotic residues in milk may interfere with starter
culture activity and acid development, which can result in an unsafe cheese. (Hirsch and
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Zhao, 2002). Other livestock and family pets can be a source of comamination, as their
fecal matter can be tracked into milking or food production areas. Pets or pests that
have access to the milking parlor or cheese room also present a risk for contamination.
Farm workers that care for livestock, work with crops, and handle herbicides or
pesticides have the potential to be another source of comamination. (Hirsch and Zhao,
2002)
Milking or cheese making equipmem can be a source of contamination, if the
equipment is not properly maimained, cleaned, and sanitized. Using improper tools for
a job can present a contamination risk. For example, tools used to repair plowing
equipment or animal fencing should not be used in the cheese room. Tools and
equipment that are used for processing the milk or cheese should not be stored in areas
that are not maintained in a sanitary condition. (Smith et al., 1996)
Improper handling ofthe milk can result in contamination. Pathogens can
multiply during holding, transport, or storage if time and temperature parameters are not
maintained. If milk is transported by vehicle from another site, the sanitation and
temperature of the vehicle is critical to preveming pathogen growth. If the milk is being
pasteurized, the correct time and temperature must be met to ensure adequate pathogen
destruction. This includes maintaining the air temperature in a vat pasteurizer. If the
air temperature in a vat pasteurizer is inadequate, the pasteurization process may not be
complete. (Hirsch and Zhao, 2002)
When making cheese, the purpose ofthe starter culture is to encourage desirable
bacteria to grow. If the starter culture fails, there will be poor acid developmem, which
can result in pathogen growth. Adding the incorrect amount of rennet can have the
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same result. Contamination from the outside environment by way of equipment that is
not properly cleaned or stored, or personnel who track or carry in comamination can
result in pathogen growth. Many cheeses are soaked in a brine solution, the purpose of
which is to get salt into the cheese. Brine is made by dissolving salt in water, or
sometimes whey. Contaminated brine or brine with an inadequate salt contem can
provide an environment for pathogen growth. Cheese brine can support the survival of
pathogens under typical brining conditions. (Ingham, Spangenberg, & Su, 2000)
Cheese must be ripened or aged at certain temperatures and humidity for a
sufficient amount of time to ensure adequate pathogen destruction. If any of these
parameters are not maintained, pathogen destruction may be inadequate. Also, if the
temperature and humidity of the storage area, or "cave" is not properly maintained,
undesirable bacteria, molds,,or pests may contaminate the cheese. (Hirsch and Zhao,
2002)
The packaging of cheese presents additional challenges to food safety.
Packaging materials must be food grade. The materials must be stored and handled in a
sanitary manner. Equipment used for packaging such as vacuum packers or shrink-
wrap machines must be properly cleaned and sanitized, particularly if the equipmem is
used to package other types of food. Improper vacuum packaging provides an
environment for pathogen growth. When transporting cheese to customers, the cheese
must be transported in sanitary containers at proper temperatures. (Hirsch and Zhao,
2002)
Although many different pathogens have been associated with cheese-related
disease outbreaks, certain pathogens have received more attention from the Food and
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Drug Administration (FDA). These pathogens are Listeria monocytogenes, E. coli
0157.H7 and Salmonella spp. (Donnelly, 2001) Listeria monocytogenes is a gram-
positive, non-spore forming, short psychrotropic rod, a facultative anaerobe. Listeria is
ubiquitous in nature, found in soil, dust, water and food, including the milk from
healthy cow and goats. Listeria has also been isolated from the intestinal tracts of many
animals and some humans. (Tham, 1988) Its primary reservoir is soil and decomposing
organic matter. Listeria is often a problem in environmems where silage is used as
feed. Listeria is pathogenic to animals and humans. It is a causative agent of mastitis
in cows. Listeria is transmitted to humans through infected animals or Listeria-
contaminated food. L. monocytogenes has been associated with food borne illness
particularly milk and dairy products. Other foods associated with food borne illness
outbreaks caused by L. monocytogenes are coleslaw, celery, tomatoes, lettuce, deli
meats and hot dogs. (Tham, 1988), (Marth and Papageorgiou, 1988)
According to Tham (1988), illness from Listeria may result in flu-like symptoms
with serious side effects such as meningitis, or even death. The most susceptible
individuals are young children, the elderly, pregnant women and those who are
immunocompromised. Marth and Papageorgiou (1988) agree that Listeria can kill
fetuses in-utero, or cause abortion or stillbirth. Processing plants that are on a farm
have a significantly higher incidence ofListeria. Listeria is often brought imo a
processing environment by being "tracked in" on the floor. Listeria can commonly be
found all over a processing plant; on equipment, floors, shelves, in floor drains, air
conditioning vents and refrigeration units Listeria is ofparticular concern because
refrigeration temperatures do not effectively control its growth. (Marth and
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Papageorgiou, 1988) Freshly fermemed dairy products such as soft, low-acid cheeses
readily support Listeria growth. Acidification at the start of cheese making is critical to
reducing the Listeria population. With Listeria, the initial bacterial load in milk is of
utmost importance. While sanitation and hygiene are recommended for Listeria
control, these precautions are not always successful in preventing Listeria
contamination. (Marth and Papageorgiou, 1988)
Hirsch and Zhao (2002) explain that Escherichia coli 015 7:H7 has been
implicated in food-bome illness outbreaks related to raw milk and dairy products made
from raw milk. E. coli 0157:H7 is a nonsporeforming, gram-negative, rod-shaped,
facultative anaerobe. It is a member of the fecal coliform group of bacteria (FDA,
2003). Cattle are the primary reservoir of E. coli 0157.H7, although it is also found in
the intestinal tract of healthy pigs, chickens, sheep and goats. This type of bacteria is
also found in contaminated drinking water. E. coli 015 7.’H7 was first recognized as a
food borne pathogen in 1982 as a result of outbreaks in the United States. (Govaris,
Koidis, & Papatheodorou, 2001) Foods such as hamburger, raw milk, and dairy
products made from raw milk, fermented meat, cider, alfalfa sprouts, salad vegetables
and watermelon have been implicated in disease caused by E. coli 0157.’H7. (Govaris et
al., 2001), (Coffey, Jordan, Maher, & Upton, 2001)
E. coli 0157.’H7 contains a shiga-toxin like protein that triggers intestinal
disruption. (Hirsch and Zhao, 2002) Disease from E. coli 0157.’H7 includes
hemorrhagic colitis, hemolytic uremic syndrome, and thrombocytopenic purpura.
(Coffey et al., 2001) While the very young, elderly and immune-compromised are most
susceptible to disease caused by E. coli 0157.H7, healthy individuals are also at risk. E.
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coli 0157.H7 can tolerate an acidic environment and can grow at low temperatures. E.
coli is more resistant to the aging process than any other bacteria associated with cheese
borne illness. Along with Listeria, E. coli 0157:H7 have been shown to survive a 60-
day aging period. (Boughtflower and Leuschner, 2002)
Salmonellosis caused by Salmonella spp. was formerly recognized as the
ntunber one reported illness in the United States. (Dimitriou et al., 1993) Salmonella is
a rod-shaped, gram negative, non-spore forming, facultative anaerobe. Most
Salmonella species are motile. Salmonella has a widespread occurrence in animals;
primarily poultry and swine, but is also found in pests and pets. Environmental sources
include water, soil, animal feces, raw meat, poultry and seafood. (Hirsch and Zhao,
2002) Salmonella has been associated with food-borne illness outbreaks, some
attributed to milk and milk products. Other foods comributing to outbreaks of
Salmonellosis include raw meat, eggs, fish, yeast, coconut, sauces, salad dressings, cake
mixes, cream filled desserts and toppings, dried gelatin, peanut butter, cocoa, chocolate,
and cut melons. (FDA, 2003)
Salmonellosis is an infection of the intestines, resulting in a diarrheal illness
with fever and cramps. Salmonellosis can spread to the bloodstream, causing
septicemia, which may result in death. As with most bacterial illnesses, the elderly,
young, and immunocompromised are most vulnerable to serious illness. (FDA, 2003)
Salmonella spp. have been shown to survive the 60-day aging process. While the
presence ofSalmonella in food typically indicates fecal contamination, Salmonella is
also transferred to cheese from brine solutions, which may be used repeatedly,
sometimes without pasteurization. As protein from the cheeses is leached imo the
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brine, the brine environment becomes more hospitable to the growth of Salmonella and
other pathogens. (Dimitriou et al., 1993)
As mentioned, other bacteria have been associated with foodb0rne illness
outbreaks from cheese. Staphylococcus aureus causes foodbome imoxications.
Staphylococcus aureus causes vomiting and diarrhea, which can result in dehydration.
Clostridium spp. form a deadly neurotoxin that is not heat-stable. Bacillus cereus forms
spores that are resistant to pasteurization temperatures. B. cereus causes diarrhea and
vomiting. Campylobacterjejuni is the most frequent cause of diarrheal illness in the
United States. C jejuni causes a diarrheal illness, which can progress to bacteremia,
septic arthritis, and Guillain-Barre Syndrome, a neuromuscular paralysis. (Altekruse,
Bean, Mowbray, Potter, & Timbo, 1998)
IV. THE DEBATE CONCERNING THE SAFETY OF RAW MILK CHEESE
Since 1949, cheese makers have been following the federal mandate of aging
raw milk cheeses for a minimum of 60 days at a temperature greater than or equal to
35F. It was believed that this time interval would adequately destroy pathogens
because of the increased acidity, decreased water content, and salt content; all ofwhich
are inhibitory to pathogen growth. Cheese made from pasteurized milk, which is heated
to 145F for 30 minutes, is not subject to aging requirements. (FDA, 1999) In 1996, a
study done at South Dakota State alleged that raw-milk cheddar could harbor E. coli
after the 60-day mandatory aging period. (Bushnell, 2002) As a result of this study,
FDA proposed a safety review ofraw milk cheeses. The proposed review could have
possibly resulted in the banning of unpasteurized hard cheeses (soft, tmaged, raw-milk
cheeses are already illegal in the United States). Bushnell (2002) explains that a ban of
this nature would forbid the sale of such cheeses as Cheddar, Roquefort, Swiss Gruyere,
and Emmentaler, to name a few. In 1998, a trade group representing industrial cheese
makers proposed that all United States cheeses be made with pasteurized milk.
Aficionados ofraw milk cheeses opposed this proposal. The American Cheese
Society, representing artisan cheese makers, formed a committee to oppose mandatory
pasteurization. Supporters of aged raw milk cheeses claim that the heating process of
pasteurization destroys the unique flavors of the cheese which comes from the grasses
that the animals feed on, a concept called "au terroire". Many claim that pasteurized
milk is actually more vulnerable to pathogen comamination due to the lack of naturally-
occurring "friendly" bacteria. The naturally occurring non-pathogenic bacteria in
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unpasteurized milk can compete with pathogens for survival, acting as a control against
pathogen growth in milk and cheese. (Kummer, 2000)
In 2000 The Cheese of Choice Coalition requested the assistance of University
of Vermont’s food and dairy scientist Catherine Donnelly to review raw-milk cheese
research. (Bushnell, 2002) Donnelly reviewed the literature related to cheese-associated
outbreaks of illness reported to the Centers for Disease Control (CDC) from 1948-1992.
She concluded that the infrequency of large cheese-related outbreaks demonstrates the
remarkable safety record of aged raw milk cheeses. Donnelly (2001) asserted that
"...confounding parameters other than use ofraw milk contributed to the presence of
bacterial pathogens in the majority of cheese-related outbreaks of illness.", and that
"there was no compelling data to indicate that mandatory pasteurization would lead to a
safer product, post-pasteurization contamination of aged cheeses accounts for much
of the documented cheese contamination." D’Aoust (1989) and Johnson, Johnson, and
Nelson (1990a) have drawn the same conclusion.
Although the FDA dropped the review of raw-milk cheeses from its priority list
after receiving Donnelly’s review, the issue still remains a major concern to farmstead
cheese makers, even those who produce their cheeses from pasteurized milk. Most of
the cheese makers that are seeking information on sanitation and HACCP programs
suspect that an outbreak caused by one farmstead cheese will affect their entire industry
negatively. Donnelly (2001) also claimed that increasing sanitation in cheese
production through the use of Good Manufacturing Procedures (GMPs) and HACCP
plans would ensure a greater level of food safety than pasteurization.
V. HISTORY OF CHEESE-BORNE ILLNESS OUTBREAKS
Johnson, Johnson, and Nelson, (1990b), conducted a review of cheese-related
illness outbreaks reported to the CDC from 1948-1988. During this time interval 6
outbreaks were identified. The most common causative factor identified in these
outbreaks was post-pasteurization contamination. Other factors named were milk
quality, culture management, ph, salt content, aging conditions and natural inhibitory
substances in raw milk. A review of cheese-related outbreaks reported to the CDC from
1973-1992 was conducted by Altekruse et al. (t 998). Out of 32 outbreaks reviewed, 11
were caused by on-farm contamination. 5 of the outbreaks were associated with
Mexican-style soft cheese. (Donnelly, 2001) None ofthe 32 outbreaks were linked to
raw milk cheeses that had been aged for at least 60 days.
The following tables present an overview of cheese associated food borne illness
outbreaks.
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Table 2. Human foodbome disease outbreaks associated with cheese from 1971 to 1989
Country Pathogens Number Deaths References Cases
Cheddar
USA (1976) S. heidelberg 339 0 Fontaineetal(1980)
Canada (1984) S. tphimurium PT10 2700 1 D’Aoustetal(1985)
Emmental
Canada (1977) S. aureus 15 0 Toddetai(1979)
[Mozzarella
Italy (1981) S. typhimurium 100 0 Felip&Toti(1984)
USA (1989) Salmoneilajaviana 164 0 Hedberg(1992)
Queso Blanco (homemade)
USA S. zooepidemicus 16 2 Espinosaetal(1983)
French Brie/Camembert
USA (1971) F.. coil 0:124 387 0 Marieret al (1973)
Scandinavia (1982) S. Sonnei 50 0 Sharp (1987)
USA (1983) E. co/t 0:27 169 0 MacDonald elal(1985)
Mexican Style (soft)
USA (1985) L. monocytogenes 181 65 James et al (1985)
Vacherin (raw milk/soft)
Switzerland (1985) S. typhimurium 22 0 Sadiketal.(1986)
Blue Mold Cheese
Denmark L. monocytogenes 23 0 Jensen(1994)
Sources: D’Aoust, J.-Y. 1989. Manufacture of dairy products from unpasteurized
milk: A safety assessment. Journal ofFood Protection. 52(12), 906-914. Institute of
Food Science & Technology, 1998, "Food Safety and Cheese",
(http://www.ifst.orghtottopl5.htin).
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Table 3. Human foodbome disease outbreaks associated with cheese during the 1990s
Outbreak
1992-3, France
1993, France
1994,’Scotland
1995, France
.i995, Malta
1995, Switzerland
& France
Pathogen
Verocytotoxin-forming
E.coli
SalmonellaparatyPhi’B
Verocytotoxin-
Forming F..coli 0157
L. "monocytogenes
Brucella meiitensis
salmonella dublin
!No. of cases
273
>20
20
35
in France
No. of
deaths
1
NR/Swit5 in
France
Type of cheese
Fromage frais**
Goat’s milk cheese**
Local, farm;produced
cheese**
Brie de Meaux cheese**
Soft cheese**
Cheese from Doubs
region ofFrance**
References
Anon 1994a
Desenclos ct ai,
1996
Anon 1994b
Goulet ct al, 1995
Anon, !.995
Vaillant ct ai
1996
"1996,England &
Scotland
1997’, France
1997, England
salmonella gold-coast
Clostridium botulinum
L. monocytogenes
E.coli 051
>84
14
Cheddar cheese+
Mascarpone cream
cheese
Pon. l’Evequ,e che,ese
Lancashire-type cheese
Anon, 1997
Aureli ’et al, 1996
Ryser, 1999a
Anon, 1997
** These products are known to have been produced using unpasteurized milk.
+ Associated with failure ofthe pasteurization process.
Source: (Hirsch and Zhao, 2002). Adapted from the Institute ofFood Science & Technology,
1998,"Food Safety and Cheese", http://wwvv.ifst.org&ottoplS.htm).
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Table 4" Confounding parameters in outbreaks involving Cheddar and other
cheeses
Date Location solate.
1976 Colorado
Heidelberg
1980-82 Ontario
1984 4 Canadian
Atlantic
Provinces
and Ontario
i89 multistate
(Minnesota,
Wisconsin,
Michigan,
New York)
1989 Wisconsin
Sa/monel/a
28 000-36 000
muenster
typhinngium
phage type 10,
group and 1I
/aviana and
oramenburg
E. coli
0157.-H7
No. of cases
339 ’cortfirmed;
made lom
Suspected
>2700 confirmed
164
55 ca’ses’
Cheese type
(heddar
standards
pasteurized milk
Raw milk
Cheddar
Cheddar made from
pasteurized
!and/or heat-
treated milk
Shredded cheese
raw milk’ cheese
Curds
Confounding parameter
I. Raw milk did not meet
et a1.[321
2. Raw milk Stored 1-3
days in holding tank-
no refrigeration
3. Milk filtered atter
pasteurized
4. Cheese pH 5.6
5.25 counts of GMP.
non-compliance
single farm, cow
was shedding
Salmonella
i. Empl’oyee manu’ally shut
down pasteurizer
2. Group II type shed
by workers
1. IMficiencies in
cleaning and sanitation.
2. Equipment not routinely
cleaned and sanitized
between shredding of
different cheese types from
different makers
3. Cheese equipment
susceptible to contamin.
from environment/aerosols
4. Cheese contaminated by
infected workers
5. No deficiencies in past.
incorrect labding-past.
cheese curds
Literature
Fontaine
Wood et al.
D’Aoust et al.
[25]
Bezanson et al.
[121
Helberg et al.
[38]
Durch et al.
[271
Source: (Donnelly, 2001)
VI. REGULATORY ISSUES IN CHEESE MAKING
The Pasteurized Milk Ordinance (PMO) is a model ordinance developed by the
United States Public Health Service to provide guidance to the states, as federal
regulations grant the state and local authorities the responsibility for enforcing
sanitation requirements on dairy farms and in dairy processing operations. Initially
known as the Standard Milk Ordinance when it was developed in 1924, the PMO serves
as the basis for Grade "A" dairy regulations in all the states. (Hirsch and Zhao, 2002)
In recent years, many countries in the European Union have adopted regulations very
similar to the PMO. The European Union requires HACCP or other "self-control"
systems for producers ofraw milk or raw milk products. (Vermont Dairy Council,
2000)
The PMO provides guidance to the state regulators on the following issues:
permits, labeling, inspection of dairy farms and milk plants, bacteriological, drug and
pesticide residue testing, construction of facilities, water supply, toilet and hand
washing facilities, personnel health and hygiene, utensils and equipment, pasteurization
equipmem and procedures, cleaning and sanitization and pest control. Specifics
regarding state regulations are available at the individual states’ Department of
Agriculture or Department of Health. (FDA, 1999) While inspections of dairy
processing operations are routinely conducted by state or local authorities, the FDA
inspects cheese operations that are involved in interstate commerce. (Dzurec, 2001)
The FDA has provided guidance documents to assist regulators with the
inspection of cheese and cheese products. The first document is a "Compliance
Program for Domestic and Imported Cheese and Cheese Products". The second is a
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"Guide to Inspections ofDairy Product Manufacturers". These documents provide
information for individuals conducting inspections of domestic cheese operations,
examining samples of imported and domestic cheese and taking action when violations
are identified. Specific pasteurization requirements are provided as well as parameters
for microbiological testing. (Hirsch and Zhao, 2002)
Good Manufacturing Procedures (GMPs) are required for any operation
involved in the processing of food. GMPs were authorized by Congress in 1938 under
the Food, Drug and Cosmetic Act, although they were not published until 1969 as Part
128 of the Code of Federal Regulations (CFR). In 1977, GMPs were codified as Part
110 (21 CFR 110). In 1986 GMPs were updated and revised and are now referred to as
Current Good Manufacturing Practices in Manufacturing, Packing, or Holding Human
Food." (Dzurec, 2001)
The purpose ofthe GMPs is to control the risk ofphysical, chemical, and
microbiological contamination during manufacturing. GMPs require that the facilities,
practices and controls used to process food are safe and sanitary. GMPs define
adulterated food as "food that is prepared, packed or held under insanitary conditions
which could lead to contamination with filth or render it injurious to health." (Dzurec,
2001)
GMPs deal with the following food processing issues:
-Personnel
Plant and Grounds
Sanitary Operations
Sanitary Facilities and Controls
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Equipment and Utensils
Production and Process Controls
Warehousing and Distribution
Natural and Unavoidable Defects-The FDA has established acceptable levels of
these defects, which are not injurious to health (Dzurec, 2001)
Although the CFR does not require that GMPs be in writing, it is preferable for
each operation to have written documentation of the procedures they use to promote a
sanitary facility and process. (Hirsch and Zhao, 2002)
VII. HAZARD ANALYSIS CRITICAL CONTROL POINT (HACCP)
In recent years, Hazard Analysis Critical Control Point or "HACCP" has
become a commonly used term in the food processing industry. HACCP is a preventive
system that reduces the risk that unsafe products will be consumed. This food safety
system was developed by the Pillsbury Company in response to food safety
requirements from NASA for the space program in 1959. NASA had two concerns
with the food supply; the first being that food crumbs in a space capsule at zero gravity
could imerfere with electrical equipment, and the second being the need for complete
assurance of freedom from pathogens and biological toxins. (FPI, 1995) The goal was a
food safety system that relied on prevention, rather than inspection and heavy end-
product testing. The food safety system had to have the ability to be relevant to all
phases of food production from farm to consumption. The objective was a system that
enabled the processor to make the food product safe as well as be able to demonstrate
that the food product was made safely.
The initial HACCP system was presented in 1971 at the National Conference on
Food Protection and espoused three principles"
Identification and assessmem ofthe hazards with food production
Determination of critical control points for any hazards
Establishment of a system to monitor critical control point
A critical control poim was considered to be a point where loss of control over the
process or product would result in an unacceptable food safety risk. (FPI, 1995)
In 1985, the National Academy of Sciences (NAS) issued a report relating to the
establishment of microbiological criteria for foods. This report endorsed the HACCP
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process as "the most effective and efficient means of assuring safety of the food
supply." (FPI, 1995) In 1989, a subgroup of the National Advisory Committee on
Microbiological Criteria for Foods (NACMCF) was charged with the task of
establishing HACCP guidelines. This document, "HACCP Principles for Food
Production", was adopted in 1989 by NACMCF. This document, which described 7
principles of HACCP, was revised in 1991. The revised documem was adopted by
NACMCF in 1992 and serves as a guidance document for the food industry. (FPI, 1995)
A HACCP plan addresses all types ofpotential food safety hazards; biological,
chemical, and physical. The plan addresses hazards whether they are naturally
occurring, are generated by the environment, or are the results of an error in the
manufacturing process, human or equipment. From a public health perspective,
microbiological hazards are the most serious, therefore a HACCP plan places primary
emphasis on microbiological hazards. (FPI, 1995) A HACCP plan is intended to
address issues of food safety, not quality i.e. taste, texture, appearance. It is assumed
that in any food processing operation, other procedures will address issues ofproduct
quality. (USDA)
Before a food processing operation can develop a HACCP plan, they must have
certain prerequisite programs in place. Good Manufacturing Procedures, already
required by regulation, should be in place. In addition, Sanitation Standard Operating
Procedures (SSOPs) should be developed. (Hirsch and Zhao, 2002) SSOPs are specific,
detaile}t procedgres that address sanitation issues in the operation and process. It is
recommended that SSOP address ach of t[ae following sanitgtion area"
Safety ofwater ,at comes into contact with food or food-contact surface, or is
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used in the manufacture of ice.
Condition and cleanliness of food contact surfaces including utensils, gloves
and outer garments.
Prevention of cross-contamination from insanitary objects to food, food-
packaging material and other food contact surfaces, including utensils, gloves,
and outer garments, and from raw product to cooked product.
oMaimenance ofhand washing and toilet facility.
Protection of food, food-packaging material, and food-contact surfaces from
adulteration with lubricants, fuel, pesticides, cleaning compounds, sanitizing
agems, condensate, and other chemical, physical and biological comaminants.
Labeling, storage, and use oftoxic compounds (cleaning solutions, pesticides,
additives).
Control of employee health conditions that could result in the microbiological
contamination of food, food-packaging materials, and food-contact surfaces.
Exclusion of pests from the dairy plant (Hirsch and Zhao, 2002)
Each SSOP should include:
Why and how often a job is to be done
Who will do the job
oA step-by-step description ofhow the job is to be done
The corrective actions to be taken if the job is done incorrectly (Hirsch and
Zhao, 2002)
In addition to developing GMPs and SSOPs, the food processor must assemble a
HACCP team, from the workforce if possible. When it is not possible to assemble a
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HACCP team from the workforce, the help of other individuals should be obtained;
either food safety experts or individuals from operations that produce similar foods.
Prior to addressing the HACCP principles, the team must;
Describe the food and distribution
Identify intended use and consumer of food
Develop a flow diagram for the food item
Verify the flow diagram (FPI, 1995)
HACCP is a 7 step process: Hazard Analysis, Identification of Critical Control
Poims, Critical Limits, Monitoring Requirements, Corrective Actions, Verification and
Recordkeeping. The first HACCP step is the Hazard Analysis (HA). To conduct the
Hazard Analysis, all food safety hazards associated with each specific step ofthe
manufacturing process are listed; biological, chemical, and physical. Then the
significant hazards are idemified so they can be addressed. A significant hazard is
defined by the risk or likeliness to happen and the severity of the illness or injury that
might result. An example of a significant hazard would be the potential for pathogens
in raw milk. (FPI, 1995) The second HACCP step is idemifying Critical Control Points
(CCPs). A Critical Control Point is a step or procedure at which control can be applied
and a food safety hazard can be prevemed, eliminated, or reduced to acceptable levels.
For example, pasteurization for milk is a Critical Control Poim. Any hazard that was
deemed to be significant in the Hazard Analysis is assessed to determine if it is a
Critical Control Point. (FPI, 1995)
HACCP step 3 is establishing Critical Limits for each identified CCP. All CCPs
must have preventive steps that can be measured. The Critical Limits (CLs) are the
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boundaries or parameters that control the food safety hazard. An example of a CL is the
requirement that milk be pasteurized at 145F for 30 minutes. Critical Limits may be
taken from regulation, guideline documents, literature and experimental studies, as well
as expert opinion. (FPI, 1995)
HACCP step 4 involves establishing monitoring requirements for CCPs.
Monitoring is a pre-planned observation or taking ofmeasurement to assess whether a
CCP is being controlled and produce an accurate record for future use in verification.
Monitoring tracks the operation, and enables the processor to make any necessary
adjustmems while continuing the process. Checking cooler temperatures at one or more
specified times each day is an example of monitoring. (FPI, 1995)
Establishing Corrective Actions (CAs) is HACCP step 5. Although the purpose
of a HACCP plan is to prevent deviations from the process, equipment and personnel
can fail. Corrective Actions are determined during the HACCP plan development
process. The intention is that if a deviation occurs in the process, once HACCP is
implememed, the CA would already be determined and could be carried out
immediately. Example" The HACCP plan requires a cooking step where product
reaches 165F. During monitoring, the thermometer reads 159F. The corrective action
would require that cooking continue until proper product temperature is attained.
(Hirsch and Zhao, 2002)
HACCP step 6, Verification, requires the establishment ofprocedures that
validate that the plan is effective and verifies that you are following the plan and it is
working. Verification includes record review, review ofthe HACCP plan, and review
of CCP records. Validation, preferably by independent audit, should occur annually, or
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when the process changes. Periodic microbiological testing can also be used for
verification purposes. (FPI, 1995) Establishing effective Recordkeeping procedures is
the 7th and final HACCP principle. Written SSOPs, as well as a written HACCP plan
are the basic records required. Records must also be kept of CCP monitoring and
Corrective Actions taken. Monitoring Records and Verification Procedures must also be
maintained. All records should be maintained in a time-orderly fashion for ease of
review by HACCP-trained staff, inspectors, and independem auditors. (FPI, 1995)
VIII. HACCP IN OTHER INDUSTRIES
HACCP is recognized as an effective tool to produce the safest food possible.
Many other countries as well as the United States are applying HACCP principles to
food processing operations. Currently, HACCP plans are mandated in the United States
for meat and poultry, seafood, and flesh juice processors. HACCP is not required for
dairy operations, but is presented as an option to them by the FDA. (FDA, 2001b)
Meat and poultry plants, which are regulated by the USDA, were required to
have HACCP plans in place according to the following schedule: plants with more than
500 employees (large) by January 26, 1998, plants with 10-500 employees (small) by
January 25, 1999, and plants with less than 10 employees or sales below 2.5 million
dollars (very small) by January 25, 2000. (USDA, 1999)
The efficacy ofHACCP in meat and poultry plants can be measured by the
percentage of industry that has implemented a HACCP plan, decreases in pathogen
prevalence, and decrease in the incidence of foodbome illness. (Billy, 2001) The
implementation ofHACCP in the meat and poultry industry is 100%. All 6,500
federally-inspected and 2,500 state-inspected plants have implemented HACCP. Data
demonstrates improvements in all categories ofproducts in plants of all sizes (large,
small, and very small), with respect to pathogen prevalence compared to baseline
studies that were conducted prior to HACCP implementation. (Billy, 2001)
The prevalence ofSalmonella is used as a target organism in the meat and
poultry industry because it is a leading cause of food bome illness and a method of
detection for Salmonella is available. There are also indications that Salmonella
reduction results in the reduction of other pathogens. While a total reduction of
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Salmonella by 15% was observed for all products, there was a 50% reduction in broilers
and ground beef (Billy, 2001). Substantial declines in Yersinia, Listeria, Shigella, and
Campylobacter were also observed. (McKee, 2002) In addition, CDC data for 2000
demonstrates a decrease in illness from Salmonella and Campylobactor, which they
attribute, in part, to meat and poultry HACCP initiatives (Billy, 2001).
Seafood processors are regulated by the FDA. HACCP for seafood processors
became mandatory in December of 1997. As Thomas Billy, Director ofthe Office of
Seafood stated (1993) HACCP in the seafood industry presents many unique
challenges; more than 500 different species of seafood.to address, wider variations of
environments and potential hazards, and the lack of fishing boat inspections in most
countries. Evaluation ofHACCP in the seafood industry included 4,100 U.S. seafood
processors, and 174 seafood processors in 19 other cotmtries. Evaluation of the process
ofHACCP implementation in the seafood industry from 1997-2001 demonstrates that
most firms are correcting deficiencies voluntarily. At the time ofthe evaluation, firms
with no significant violations constituted the largest inspectional classification, with
85% of firms considered to be "in compliance". (FDA, 2002)
The final Juice HACCP role was published on January 18, 2001. As of January,
2004, all fresh juice processors were to be in compliance with the HACCP role. Retail
establishments that produce and sell juice directly to consumers, such as juice bars, are
exempt from the role. The FDA estimates that there are 16,000-48,000 cases ofjuice-
related illness each year. It is estimated that HACCP implementation will prevent at
least 6,000 of these cases. (FDA, 2001a) Although HACCP is not required for dairy
operations, it is an option. The FDA haspiloted HACCP training for the dairy industry.
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Early reports indicate "the assurance of food safety appears to be enhanced in HACCP
pilot plants". (USDA, 2001)
IX. RESULTS
Results from this research are comprised of questionnaire responses, participant
farm profiles, HACCP process, model HACCP plans and field observations from farm
visits.
Questionnaire Description
The questionnaire was drafted by the PI and PA, and reviewed and revised by
the Advisory Group for the grant. The questionnaire contained twenty two (22)
questions and was designed to elicit information from farmstead cheese makers
regarding basic information about their operation, i.e. type of herd, type of cheese(s)
made, as well as information about their food safety knowledge and practices.
Questionnaire Responses
One hundred eight (108) questionnaire packets were sent in the initial mailing.
Thirty (30) questionnaires (28%) were returned, along with 14 postcards (13%) from
the same operators demonstrating interest in participating in the program. As the
questionnaires were number-coded, a second mailing of 78 was sent as a follow-up to
non-respondents. Thirteen (13) more responses were returned along with 4 additional
postcards. There were 43 total responses (41%, as 4 farms were no longer in business),
with eighteen (18) operators (17%) expressing imerest in participating in the program.
Ten (10) out of eighteen (18) operators signed a formal agreement to participate in the
HACCP program. The operators who did not sign the agreement either did not respond
to written notices or phone calls or declined due to concerns about the time commitment
that would be required.
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Seven (7) respondems indicated that they were not curremly making cheese.
One (1) respondent returned the questionnaire, but did not respond to any of the
questions. Their responses to other questions were not included in the data. The
complete results of the questionnaire are included in Appendix A. Although this
questionnaire was designed to elicit a wide variety of information from cheese makers,
the results presented here focus on the responses to questions related to the general level
of food safety knowledge ofNew England farmstead cheese makers.
Eighty four percent (84%) of the respondents consider their operations to be
farmstead, meaning that they use only the milk from their own herd to make cheese on
their farm (although 2 of these operations that consider themselves farmstead indicated
that they do use milk from other-sources in addition to their own herds’ milk). Seventy
four percent (74%) ofthe respondents produce between 100-50,000 pounds of cheese
per year (Appendix A, Table A2 ). Sixty three percem (63%) ofrespondents make at
least one cheese from raw (unpasteurized) milk. Respondents listed 37+ varieties of
cheeses produced.
Table 5 provides the responses to questions that deal with familiarity with terms
and abbreviations related to food safety. Sixty three percent (63%) to eighty six percent
(86%) ofrespondems were familiar with the food safety terms in question. Eighty six
percent (86%) to one hundred percem (100%) ofthe respondems were familiar with the
most common organisms of concern.
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Table 5
Familiarity with food safety and microbiological terms (Questions 11 and 15)
(n=35)
Food safety and microbiological terms
GMPs
SSOPs
HACCP
Salmonella spp.
E. coli 0157.’H7
Listeria monocyto, genes
Staphylococcus aureus
Number of respondents familiar with
terms
24 (68%)
22 (63%)
30 (86%)
34 (97%)
35 (!00%)
33 (94%)
30 (86%)
Table 6 provides data on the number ofrespondents that have written food
safety procedures in place. Seventy four percem (74%) of questionnaire respondents do
not have any written food safety procedures in place for their operations.
Table 6
Respondents with written food safe,ty procedures in place (Question 12) (n=35)
Food safety procedure
GMPs
SSOPs
HACCP
Other
No written procedures in place
# of respondents
1(3%)
4(11%)
6 (17%)
2 (6%)
26 (.7.4%)
Cheese-related foodborne illness outbreaks (Question 13)
When asked if they had every heard of a foodbome illness outbreak related to
cheese making, 20 respondents (57%) replied "yes".
Table 7 provides data on the respondents’ beliefs of which biological food safety
hazard is the most likely cause of a foodbome disease outbreak from cheese. Eighty
percent (80%) ofthe respondems correctly identified bacteria as the most likely cause
of a food borne disease outbreak.
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Table 7
Which biological food safety hazard is most likely to be the cause of a foodborne
disease outbreak from cheese? (Question 14) (n=35)
Response
Viruses
Bacteria (correct response)
Parasites
Mold toxins
No response
# of respondents
1(3%)
28 (80%)
1(3%)
5*(14%)
5
*The 5 respondents who chose mold toxins also chose bacteria
Table 8 provides the responses to the question that deals with chemical food
safety hazards that pose problems in a cheese making operation. Eighty three percent
(83%) ofrespondems indicated familiarity with one or more of the hazards, although no
respondents (0%) recognized that all the choices listed were chemical hazards.
Table 8
What chemical food safety hazards pose problems in a cheese making operation?
(Question 16) (n=35)
Chemical Hazard
Lubricants
Cleaning chemicals
Sanitizers
# of respondents
22 (63%)
27 (77%)
25 (71%)
Additives 20 (57%)
Pesticides 21 (60%)
Other 12 (34%)
No response 6 (17%)
Table 9 provides the responses to the question that deals with physical food
safety hazards that pose problems in a cheese making operation. As with Table 4,
eighty three percent (83%) ofrespondems indicated familiarity with one or more ofthe
hazards, although no respondems (0%) recognized that all the choices listed were
physical hazards.
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Table 9
What physical food safety hazards pose problems in a cheese making operation?
(Question, 16) (n=35)
Physical Hazard
Wood slivers
Metal
# of respondents
21 (60%)
23 (66%)
Glass 20 (57%)
Personal items 24 (69%)
Other 7 (20%)
No response 6 (17%)
Table 10 provides data on how workers are trained in food safety in the
respondents’ cheese making operations. Fifty one percent (51%) of respondents used
in-house training for their workers. Twenty three percent of respondents (23%) used
multiple methods of training workers. Six percent (6%) of respondents indicated that
the workers were not specifically trained in food safety.
Table 10
How workers are trained (Question 18)
Food safety training venues
In-house training
Cheese making workshop
Col!ege courses
University/extensi0n workshops
Other
Workers not trained
How Workers are trained
18(51%)
6 (17%)
2 (6%)
7 (20%)
1(3%)
2 (6%)
Training in Food Safety Practices (Question 19)
When asked if anyone from their operation had ever attended a food safety
training program, sixteen (16) respondents, (46%) replied "yes". Ofthe yes replies,
three (3) respondems, (9%) said the training resulted in the implementation ofnew food
safety practices, three (3) respondents, (9%) implememed HACCP plans, two (2)
respondents, (6%) claimed increased awareness of food safety issues, one (1)
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respondent, (3%) reevaluated his GMPs, SSOPs, and HACCP plan, and one (1)
respondent, (3%) improved his HACCP plan. Five (5) respondents, (14%) claimed
there were no changes to their operation as a result of attending a food safety training
program.
Threats to food safety (Question 20)
When asked what poses the greatest threat to food safety during cheese making,
respondents replied improper cleaning (8), post-production contamination (5),
temperature abuse (3), poor milk quality (3), comamination from farm environmem (3),
Listeria (2), carelessness(2), dirty hands and clothing (2), comaminated equipmem,
unskilled labor, sloppy procedures, insufficient acid development, improper aging,
inattention to procedures, contamination from air-borne pathogens, growth of bad
bacteria in the environmem, raw milk, E. coli, improper refrigeration, hair, bugs and
insects. Nine (9) respondents (26%) did not reply to this question.
Participant profiles and HACCP plans
Table 11 provides a profile ofthe participating cheese making operations.
While three (3) of the operations, twenty seven percent (27%) were rtm by one person,
eight (8) ofthe operations, seventy three percem (73%) employ’ed a staff of up to five
people. All program participants expressed concern regarding resources. They all had
to be frugal, both with capitol expenses, consulting resources, and the hiring of
additional workers. All participants milked their animals by machine. Program
participants did not use milk from other sources, with the exception ofFarm E, which
was a separate cheese making operation (not on a farm), that received milk from one
source.
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HACCP Plans ofProgram Participants
The creation of a HACCP plan is subject to certain parameters that are
determined by underlying HACCP principles as well as standard practice in a particular
field of food production. In a flow chart which describes each step in the cheese
making process, there are many potential "control points" and only a very few CCPs. A
control point is defined as any point, step, or procedure at which biological, physical, or
chemical factors can be controlled, whereas a critical control point is defined as a point,
step, or procedure at which control can be applied and a food safety hazard can be
prevented, eliminated, or reduced to acceptable levels. (FPI, 1995) To determine the
difference between a control point and a CCP, which can be subtle, it is recommended
that a standard HACCP decision tree be employed, as was used in this project. (FPI,
1995) Control points are addressed during a food production process by a
comprehensive program of SSOPs, while CCPs are addressed by establishing Critical
Limits and Corrective Actions that support the particular CCP. A step in the process
cannot be considered a CCP if scientifically based, measurable Critical Limits cannot be
applied. Additionally, each food industry that employs HACCP as a food safety system
has current acceptable practices that define what a Critical Control Point is for a
particular food. Currently, the acceptable CCPs for cheese making are metal detection,
pasteurization and aging. (National HACCP Education Conference, 1997) The practice
ofHACCP as a regulatory tool has resulted in the preference of a minimal amount of
CCPs. (Personal communication with M. Smukowski, 2004 and D. Dzurek, 2003)
Regardless ofthe type of cheeses produced, each HACCP plan resulted in one
critical control point. For raw milk cheeses, the critical control point was aging. For a
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pasteurized milk cheese, the critical control point was pasteurization. Although metal
detection is also an acceptable CCP for cheese making, it is usually only used in large
operations. Program participants did not use mechanical metal detectors. Regardless of
the level of sanitation in the participating operations, each operation was meticulous
about properly completing aging or pasteurization. Based on these f’mdings, the
creation of a HACCP system alone, based on Critical Control Points, would not effect
any change to the participating cheese making operations. Although evaluating the
implementation of the HACCP plans was not an objective of this project, the HACCP
plans created did not result in any CCPs that were not already being implemented by the
program participants. One benefit that did result from creating the HACCP plan was
that all participants realized their lack of documented food safety procedures. Several
participants responded to this realization by creating and implementing written SSOPs.
The HACCP plan for Farm D is included under separate cover.
Field observations from farm visits
During most initial visits, the cheese making process was observed. Questions
were asked of the cheese maker to clarify the observations, such as, "How do you know
your sanitizer is at the correct strength?" Although the purpose ofthe visits was not
regulatory or enforcement, most cheese makers requested feedback about the
observations noted. While a few of the operations appeared to be very sanitary, many
insanitary conditions were noted. The following list, while not inclusive, demonstrates
the most common insanitary conditions that were observed: (n=l 1)
Not testing sanitizer strength; no concern about sanitizer being too strong, only concern
about it being too weak (6)
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Use ofraw wood shelving for aging cheese-wood in a variety of deteriorating
conditions (5)
Infrequem hand washing, improper hand washing (5)
Equipment for making cheese sometimes stored outside of cheese room in an unclean
basement or storage area (4)
Working in cheese room without changing outer clothing worn while touching pets,
doing other farm chores, or caring for children (3)
oCominuous bare hand handling of curd (3)
Dogs allowed in cheese room (3): while they did not enter the cheese room during the
visit, it was very apparent that they were typically allowed to enter.
olntems from other countries that could not speak English; limited ability of farmer to
communicate with these workers (2)
Buckets of sanitizer tmlabeled-using same type of bucket for bleach water and plain
water (1)
Workers dressed in farm clothes-not putting on an apron or lab coat-not changing
shoes (1)
Tasting of curd directly from hand; putting hand back in cheese vat without washing
(1)
Three (3) of the operations visited did not exhibit any ofthese insanitary
conditions noted. One (1) operator used the same type ofbucket for bleach water and
plain water and did not label the buckets, but did not exhibit any ofthe other conditions
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listed. Combinations of several insanitary conditions were noted at the remaining seven
(7) operations.
X. DISCUSSION
Questionnaire Responses
There has been little formal work done which explores the profiles and food
safety knowledge of cheese makers. Results gleaned from participating New England
cheese makers cannot necessarily be applied to other cheese makers, either in New
England or other parts of the United States. Ofthe respondents surveyed, there existed a
very high level of familiarity with food safety and microbiological terms, from 68%-
100%. (Table 5) Eighty percent (80%) of respondents correctly idemified bacteria as
the most likely cause of a foodbome outbreak from cheese (Table 7). It is not
surprising then, that fifty-seven percem (57%) of respondents have heard of a foodbome
illness outbreak related to cheese making. When given an open-ended question, "What
poses the greatest threat to food safety during cheese making?" respondems provided
many appropriate answers that suggest knowledge that is more than superficial.
Respondents showed a high level ofknowledge ofthe chemical and physical
hazards that could pose a problem in a cheese making operation, (Question 16), but as
the choices of chemical and physical hazards were all provided in the context of the
question, respondents could have been simply agreeing with the question or
experiencing respondent fatigue. Perhaps a more informative response would have
resulted from asking respondems to list chemical and physical hazards in a cheese
making operation.
Given the high level of familiarity with food safety and microbiological terms, it
was then surprising to note that seventy-four percem (74%) ofrespondems had no
written food safety procedures in place. This result suggests that familiarity with food
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safety and microbiological terms does not translate into believing that these risks exist
in their own operations. The lack of written food safety procedures could also result
from simply not being required to have written food safety procedures in place.
Table 10 demonstrates that sixty percent (60%) of respondents list in-house
training as "how workers are trained". Although, nine percent (9%) of the operators
that use in-house training also use multiple training methods, fifty one percent (51%) of
the operations are reliant on the knowledge base of the primary operator, which may or
may not be adequate. Six percent (6%) of respondents indicate that workers do not
receive any training at all. Only twenty three percem (23%) of the total number of
operators take advantage of formal food safety training such as cheese making
workshops, college courses and university/extension workshops. This result is caused
by calculating the operators who used multiple training venues. Thirty one percent
(31%) of the respondents did not respond to the question, or indicated that they had no
employees, which could indicate that the question was unclear. The intent of the
question was to determine how any of the employees, including the operator, were
trained.
Ofthe 46% of respondents that indicated that someone from their operation had
attended a food safety training program, 14% claimed that there were no changes made
to their operation as a result of attending the program. Once again, this response
suggests that operators are imerested in a general level of food safety information, but
do not necessarily make the connection that food safety risks exist in their own
operation, or that they believe their own operations are already in sanitary condition.
The questionnaire results appear to support the field observations, where it was noted
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that operators perceived their own facilities to be sanitary, regardless of the level of
sanitation that was observed by the PA.
.participant profiles and HACCP plan._s
The profiles ofthe participating operations (Table 11) describe conditions that
could add to the risk already inherem in producing a food product. The low number of
workers at these operations can increase the risk to food safety. For example, in many
instances, there was only one worker, the owner of the operation. If this individual is
ill, there may not be another trained individual to make cheese, which means that an ill
worker will be making the cheese. The lack of written procedures pertaining to food
safety can also increase the risk for food borne illness. Some ofthe participating
operations did have one or more part time workers or interns. Without documented
procedures, the cheese maker often made assumptions that workers would, for example,
wash their hands as carefully and as often as she washed hers. The presence of other
animals on the farm presents another risk of contamination to food products. Although
no pets or other animals were allowed into the cheese room during the PA’s visits, it
was very apparent that at certain farms, this was usually allowed. Although dogs can’t
speak, certain dogs made very clear their displeasure at being left outside of the cheese
room during official visits. Other dogs sat obediently at the cheese room door, without
being instructed to do so. Finally, operations that produce both pasteurized milk
cheeses and raw milk cheeses must be particularly careful to avoid cross-contamination
between raw and pasteurized milk.
HACCP is considered the state of the art food safety system. While other food
processing industries are HACCP-regulated, HACCP has only recently been imroduced
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to the dairy industry, as an optional food safety system, not a requirement. (FDA,
2001b) Whenever HACCP systems became mandatory in other industries, compliance
schedules always allowed extra time or exemptions for very small operators (USDA,
1999). These time allowances or exemptions suggest a consensus that creating and
implementing a HACCP plan is an arduous and time-consuming process, particularly
for small operations where there is not staff fully devoted to food safety and quality
control. The farm profiles provided demonstrate that each of the program participants
would fit the category of very small operator.
Out of 11 program participants, five (5) completed the process of creating a
HACCP plan. The participants that did complete a HACCP plan received a substantial
amount of assistance from the program staff. One participant who did complete a
HACCP plan had previously withdrawn from the project until a high volume customer
required them to have a HACCP plan. This participant then traveled to Connecticut for
an entire day to complete the paperwork she had previously not had time for. This
completion rate suggests that while creating a HACCP plan is tedious and time-
consuming, customers and government regulation would make it a priority for
operators. In the absence of an outreach program such as this project, operators would
most likely be compelled to hire a consultant to assist them in the creation of their
HACCP plan.
As was previously mentioned, it does not seem likely that the creation of a
HACCP plan and the identification ofthe critical control poim would effect any
procedural change in the participants’ operations if the HACCP plans were
implemented. The critical control point for making cheese was either pasteurization of
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milk or aging conditions for raw milk cheese. These procedures were scrupulously
managed in all participants’ operations, regardless of the level of sanitation employed.
Although there has been some discussion among food safety experts that initial milk
quality and perhaps storage temperature could be considered critical control points for
cheese making, these are not widely accepted as CCPs. (M. Smukowski, Personal
communication, 2004). It is appropriate to reiterate the important role of GMPs and
SSOPs in providing overall food safety, while not relying solely on the proper execution
of the critical control point. The most valuable step of the HACCP process was the
hazard analysis, which indicated steps in the cheese making process where GMPs and
SSOPs would be relied upon. Eighty percent (80%) (n=5), of the operators that
completed their hazard analysis, were motivated to formalize GMPs and SSOPs where
needed. Although the PA felt that the HACCP planning process was worthwhile if it
resulted in the formalization of GMPs and/or SSOPs, sixty percent (60%) (n=5), of the
participants who completed HACCP plans were disappointed that they didn’t discover a
new critical control point that would help to safeguard their cheese making process.
Field observations from farm visits
The insanitary conditions that were noted during farm visits presem a very real
threat to food safety. The Cemers for Disease Control (CDC) has identified the major
risk factors that cause foodbome illness (2002). These risk factors are as follows:
Holding temperatures (responsible for 36% of outbreaks)
Cooking temperatures (responsible for 19% of outbreaks)
Poor personal hygiene (responsible for 18% of outbreaks)
Contaminated equipmem (responsible for 14% of outbreaks)
59
Unsafe source of food (responsible for 13% of outbreaks)
Many of the insanitary conditions noted during the farm visits fall into the categories of
poor personal hygiene or contaminated equipment. Additionally, Donnelly’s review of
cheese-related outbreaks poims to post-pasteurization comamination ofmilk, as well as
cross-comamination from the farm environmem as major risk factors to cheese safety.
(Donnelly, 2001) The first documemed outbreak ofListeria Monocytogenes in Quebec
credits the comamination to soil being tracked in by farm workers who did not bother to
change shoes or clothing between farm chores and food processing chores. (Gallin, C.,
Ramsay, D. & Ringuette, L., 2003)
The insanitary conditions noted in the results section demonstrates the lack of
basic sanitation knowledge that is applied in practice in many operations. Although
increased knowledge often resulted in improved sanitation, a high level ofknowledge
on the part of the operator did not reliably result in good practice. Regulatory
inspections that focus on "hands-on" education can be a strong factor in increasing
sanitation, particularly when combined with an operator that has a good grasp of food
safety issues. A cheese making operation, especially a small, farmstead operation may
only be inspected 2-4 times per year. This inspection schedule limits the amount of
interaction that can take place between the operator and the inspector. For some
participants, feedback from an inspector may be their only source of food safety
information.
Study Limitations
The limitations of this study are as follows: the number of observations for the
questionnaire is small (n=41), and the number ofprogram participants is small (n=l 1).
60
Most ofthe questionnaire data is qualitative, except for some ofthe farm profiling
questions. Although the high level of respondent familiarity with food safety and
microbiological terms should be encouraging, it is possible that a response bias exists,
whereby operators who were more interested in food safety were more likely to respond
to the questionnaire. Since there was no follow up of the non-responders we don’t
know if the two groups (responders and non-responders) are similar or not. The length
of the questionnaire (22 questions, some with multiple parts) may have caused response
fatigue.
Although the project was designed to provide ample time to create model
HACCP plans, the study did not include an objective for implementation of the HACCP
plans. Performing this follow-up could provide critical information on the efficacy of
HACCP as a food safety system for small farmstead cheese makers. One limitation of
the field observations is that the visits provided merely a "snapshot" of the operation,
which may or may not accurately reflect the typical sanitation practices in the operation.
It could be argued that the presence ofprogram staffwould cause an operator to "be on
their best behavior". Conversely, it is possible that the presence of visitors interfered
with the routine function ofthe operation.
Despite the limitations of this study, much was accomplished. The
questionnaire data provides an abundance ofbaseline information that the program staff
or others could investigate more fully. The resulting model HACCP plans can be used
as training tools for other farmstead cheese makers. Finally, the field observations can
be used by educators and regulators to address the critical risk factors that deserve to be
a priority when working with farmstead cheese making operations.
XI. SUMMARY AND CONCLUSIONS
Food Safety. Knowledge ofNew England farmstead cheese makers
As was previously stated, little formal work has been done to profile the
operations and food safety knowledge of small farmstead cheese makers. Despite study
limitations, the results provided in this thesis suggest that while a high familiarity of
food safety information exists (at least among respondents), this information does not
necessarily result in documented food safety practices that are known to reduce the
likelihood of food bome illness. To bridge this gap between knowledge and practice,
the PA recommends the creation of policies that would encourage and support
partnering between agricultural college extension services and regulatory officials.
Extension services have expertise in training and education, and regulatory officials
have expertise in actual operating conditions. Working together, these individuals
could provide training and oversight for many operations, possibly through the
professional associations that exist. Additional work should be done to gather
information from farmstead cheese makers, both to substantiate the conclusions drawn
here, and to investigate more closely those operations where food safety information
truly does result in a high level of sanitation in an operation.
Feasibility and efficacy ofHACCP for small farmstead cheese makers
While HACCP is a widely accepted food safety system, its design and
implementation in a small cheese making operation, or in any small processing plant
can be burdensome. Based on the f’mdings of this project, it is unlikely that small
farmstead cheese makers will create and implement HACCP systems for their
operations, without the influence of outside forces, such as high-volume consumers and
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regulators. It is not possible to conclude that the participating operations accurately
represent all farmstead cheese makers. The findings of this study suggest that since
each participant was already performing pasteurization or aging properly, with the
appropriate documentation, that the creation of a HACCP plan based solely on aging
and pasteurization did not reveal additional, accepted CCPs that the operators could
implement. However, there were procedures that could be added to their GMPs and
SSOPs to increase the safety of their product. If there were additional acceptable CCPs
for cheese making, such as initial milk quality, and storage temperatures, the creation of
a HACCP plan may have had more of a potential impact on the participants’ processes.
Although there have been favorable reports regarding the use ofHACCP in regulated
industries, the PA feels that there is still a risk to food safety in the meat, poultry,
seafood, and juice industries if the underpinning of documented and implemented
prerequisite programs is not present. The seafood industry continues to be burdened
with sanitation issues despite the implementation ofHACCP. (FDA, 2000)
Despite the limitations ofHACCP, the PA feels that there is some benefit to
completing a HACCP plan, particularly the Hazard Analysis piece. As was mentioned,
all of the five (5) operators who completed the Hazard Analysis gained detailed
information on the lack of formalized SSOPs they had for their operation. Four of
these operators began writing and implementing formal SSOPs. The fifth operator
stated he had never had a problem with his cheese, so he wouldn’t be writing anything
else down, until he was forced to, by regulation.
As time and financial resources are limited, both for the farmstead cheese maker
as well as regulators, resources need to be applied where they will have the greatest
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effect. While a thorough, detailed HACCP plan is considered to be the most desirable
food safety system available to food processors, it cannot function on a foundation of
weak or nonexistent prerequisite programs. The PA recommends that the resources
available be devoted to building the foundation of these prerequisite programs.
Education and training that is conducted on-site, using "hands-on" training, including
actual demonstration of proper hand washing procedures, checking sanitizer strength,
etc., could result in improved practices. It bears repeating that extension services and
regulators must work together to achieve any meaningful change.
Field Observations
The field observations made at participating operations are consistent with our
conclusions that food safety knowledge does not always result in good food safety
practice. Despite the fact that Critical Control Points such as aging and pasteurization
were carefully performed by program participants, many operations demonstrated a
weak foundation of basic food safety practices. As was stated, many ofthe insanitary
practices observed are known to be major risk factors for foodbome illness. (CDC,
2002) In retrospect, it would have been interesting to conduct an actual inspection at
these operations, and then have the operator conduct a self-assessment. It may have
been possible to identify more clearly the gap between food safety knowledge and
practice.
The art and science of farmstead cheese making is muttifaceted, and the market
for specialty and gourmet cheese products is on the rise. It is important to continue to
investigate the food safety risks that do exist in these operations. While there are food
safety systems that can be used to address the risks, they must be brought to the
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farmstead cheese maker in a way that promotes true efficacy. The most effective
approach to improving food safety practices in farmstead cheese making operations will
involve colleges of agriculture, regulators, professional associations, and cheese makers
working collaboratively.
Appendix 1" Farmstead Questionnaire Data
Table AI"
Farm State
ID#
2 NH
3 NH
4’ NH
5 CT
6 CT
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
CT
MA
MA
MA
MA
MA
MA
MA
VT
VT
VT
VT
VT
VT
VT
VT
vv
27 VT
res
Cheese
produced
per year
(lbs)
50,000 lbs
+
5,000+
1,500
2,000
3,000
1,500,000
+
3,000
’120,006
5,000
3,500
50,000
90,000
17,000
10,000
2,000
2,500
120,000
1 million
10,000
2,000
6,5OO
10,000
12,000
No
response
8OO
1 million
ondent profiles (Questions 1-5)
# of Farmstead Type of
Workers operation? herd
0
75
Yes/No
Yes
Yes
Yes
Yes
Yes
N
4 No
1
Yes
Yes
Yes
No
4 Yes
5 Yes
2 Yes
0 Yes
3
No
response
0
Yes
Yes
25 No
1 Yes
3 Yes
0 Yes
2 Yes
20
Yes
Yes
Yes
Yes
No
Cow
# in
herd
260
Goat 18
Goat 70
Goat
Goat
N/A
N/A
Goat
Goat
N/A
Cow
Goat
Goat
Cow
40
N/A
4
N/A
15
40
N/A
200
50
50
165
Goat 16
Cow 125
N/A N/A
Sheep
Sheep
Goat
Cow
Goat
Cow
Goat
Cow
Sheep
Cow
200
90
30
48
2/45
3/5
300/200
20
Cow 10
No
response
No
response
65
66
Farm
ID#
29
32
33
Sate Cheese
produced
per year
7,000
15,000
# of
Workers
Farmstead
operation?
Yes/No
Type of
herd
# in
herd
0 Yes Cow 7
2 Yes Goat 65
29,000 3 Yes Goat 120
30 0 Yes Cow 60
100 0 Yes Goat 6
1,000 6 Yes Goat 15
12,000 3 Yes Goat 50
Table A2- Amount of cheese produced annually (Question 2)
Amount of cheese produced
annually
<100 pounds
100-5,000 pounds
5,001 10,000 pounds
10,001-50,000 pounds
50,001-100,000 pounds
100,001 150,000 pounds
1 million + pounds
# of operations
2 (6%)
13 (37%),
5 (14%)
8 (23%)
1(3%)
2 (6%)
3 (9%)
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Table A3: Who do you sell your products to? (Question 6)
Sales venue
Restaurants, caterers
On-premise farm shops
Individuals
Schools, Day-Care, Institutions
Stores, Retail
Mail Order
Farmer’s Market and other
# of respondents
29 (83%)
20 (57%)
27 (77%)
2 (5.7%)
(88,%)
15 (43%)
11 (31%)
Question 7-8: Varieties of cheese made by questionnaire respondents:
Gouda
Blue cheese
Camembert style
Gouda
Cheddar
Trappist
Aged sheep cheese
Aged sheep/cow cheese
Tome
Washed find
Aged alpine style
Brie
Colby
Parmesan
Aged farmhouse cheese
Marscapone
Fromage blanc
Gruyere
Caerphilly-type
Soft aged
St. Nectaire-type
Fungal ripened aged
Mozzarella
Ricotta
Fresh chevre
Ripened chevre
Soft fresh
Swiss
Smoked swiss
Momerey jack
Putney tome
Pumey timson
Feta
Cream
Farm
Hard aged natural rind
Capriano
Questions 8-10
Twenty two (22) respondents, sixty three percent (63%) made at least one cheese from
raw milk. The respondents were queried about other food products they produce on
their farm. The list of products included milk, yogurt, meat, vegetables, herbs, and
eggs. Only two (6%), of the operations that classify themselves as farmstead use milk
fi’om other farms for their products.
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Table A4: Familiarity with food safety and microbiological terms (Questions 11
and 15)
Indicate familiarity with following
terms
GMPs
SSOPs
HACCP
Salmonella spp.
E. coli 0157:H7
Listeria monocytogenes
Staphylococcus aureus
Number of respondents familiar with
terms
24 (68%)
22 (63%)
30 (86%)
34 (97%)
35 (100%)
33 (94%)
30 (86%)
Table A5: Respondents with written food safety procedures in place
(Question 12)
Food safety procedure
GMPs
# of respondents
(3%)
SSOPs 4 (11%)
HACCP 6 (17%)
Other 2 (6%)
26 (74%)No written procedures in place
Question 13
When asked if they had every heard of a foodbome illness outbreak related to cheese
making, 20 respondents replied "yes".
Table A6" Which biological food safety hazard is most likely to be the cause of a
foodborne disease outbreak from cheese? (Questions 14)
Response
Viruses
Bacteria (correct answer)
# of respondents
1 (3%)
28 (80%)
Parasites 1 (3%)
Mold toxins 5" (14%)
No response 5(14%)
*The 5 respondents who chose mold toxins also chose bacteria
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Table AT: What chemical food safety hazards pose problems in a cheese making
0peration? (Question 16)
Chemical Hazard
Lubricants
Cleaning chemicals
Sanitizers
Additives
Pesticides
Other
No response
# of respondents
22 (63%)
27 (77%)
25 (71%)
20 (57%)
21 (60%)
12 (34%)
6 (17%)
Table A8: What physical food safety hazards pose problems in a cheese making
operation? (Question 16)
Physical Hazard
Wood slivers
Metal
Glass
# of respondents
18(51%)
23 (66%)
Personal items
Other 7 (20%)
No response
20 (57%)
24 (69%)
6 (17%)
Question 17
Twenty one (21) respondems, (60%), indicated that they belong to a professional
organization. The most commordy listed was the American Cheese Association.
Table A9: How workers are trained (Question 18)
Food safety training venues
In-house training
Cheese making workshop
College courses
University/extension workshops
How Workers are trained
21 (60%)
6 (! 7%)
2 (6%)
Other
Workers not trained 2 (6%)
7 (20,%)
1(3%)
Question 19
When asked if anyone from their operation had ever attended a food safety training
program, 16 (46%) respondents replied "yes". Of the yes replies 3 (9%) respondents
said the training resulted in the implementation ofnew food safety practices, 3 (9%)
implememed HACCP plans, 2 (6%) claimed increased awareness of food safety issues,
1 (3%) reevaluated their GMPs, SSOPs, and HACCP plan, and 1 (3%) improved their
HACCP plan. Five (5) respondents, (14%), claimed there were no changes to their
operation as a result of attending a food safety training program.
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Question 20
When asked what poses the greatest threat to food safety during cheese making,
respondems replied temperature abuse, poor milk quality (3), raw milk, Listeria(2),
improper cleaning (8), post-production contamination(5), (improper) refrigeration,
carelessness(2), contaminated equipment, unskilled labor, sloppy procedures,
contamination from farm environment (3), insufficiem acid developmem, improper
aging, inattention to procedures, dirty hands and clothing(2), comamination from air-
borne pathogens, growth ofbad bacteria in the environment, E. coli, hair, bugs,
and insects. Many respondents did not reply to this question.
Table A10: How would you like to receive information regarding safe food
practices (Question 21)
Type of communication
Newsletter
# of respondents
24 (69%)
Invitations to seminars 18 (51%)
Articles in professional publications
Other
17 (49%)
3 (9%)
Table All" Which food safety programs would you be willing to learn about
and implement (Question 22)
Food Learn about Implement Not
programs interested
General safe
food
practices
Food safety
training for
employees
SSOPs-
developing
written
sanitation
proce,dures
HACCP-
developing a
written food
safety plan
16 (46%)
16(46%)
17 (4%)
18(51%)
7 (20%)
(26%)
14 (40%)
12 (34%)
Already do
this
20 (57%)
7 (20%)
5(14%)
7 (20%)
1 (3%)
1(3%)
1 (3%)
MEMBERS OF THE ADVISORY GROUP FOR THE NEW ENGLAND
FARMSTEAD CHEESE MAKING HACCP PROJECT
Peter Dixon, Cheese Maker and Consultant
Dave Dzurec, Phd, University of Connecticut, Dairy Specialist
Mother Telchilde Hinckley, Abbey ofRegina Laudis (Cheese Maker)
Diane Wright Hirsch, University of Connecticut, Cooperative Extension Service
Food Safety Educator
Mother Noella Marcellino, Abbey of Regina Laudis (Cheese Maker)
Byron Moyer, Vermont Department of Agriculture
John Porter, University ofNew Hampshire
Small Farm and Dairy Specialist
Todd Pritchard, Phd, University ofVermom
Associate Professor, Departmem ofNutrition and Food Sciences
Patricia Sulik, University of Connecticut, Cooperative Extension Service
Program Assistant
Kumar Venkitanarayanan, Phd, University of Connecticut
Assistant Professor, Department ofAnimal Science
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